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Current international guidelines recommend that a cranial computed 
tomography (CT) be performed, on all HIV positive patients presenting with 
new onset seizures, before a lumbar puncture (LP) is performed. In the South 
African setting, however, this delay could be life threatening. This study 
sought to measure the number of cranial CTs that contraindicate an LP and 
to predict which clinical signs and symptoms are likely to pose an increased 
risk from LP. 
 
Methods 
The study was performed at a district level hospital in the Western Cape. 
Data was collected retrospectively from October 2013 to October 2014. 
Associations between categorical variables were analysed using Pearson’s 




100 out of 132 patients were studied. Brain shift contraindicated an LP in 5% 
of patients. Patients with brain shift presented with: decreased level of 
consciousness, focal signs, head ache and neck stiffness. 25% of patients 
had a space occupying lesion (defined as a discreet lesion that has a 
measurable volume) or cerebral oedema. Multivariate analysis showed a 
CD4 count < 50 (p=0.033) to be a statistically significant predictor of patients 
with  a space occupying lesion (SOL) and cerebral oedema. Univariate 
analysis showed focal signs (p=0.0001), neck stiffness (p=0.05), vomiting 




Patients with seizures in the HIV positive population have a high prevalence 
of SOLs and cerebral oedema but the majority of them are safe to LP. 
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Routine Cranial CT before Lumbar Puncture in HIV positive adults presenting 
with Seizures at Mitchells Plain Hospital in Cape Town 
2.1  Introduction 
New onset seizures in HIV positive adults have been reported to have an 
incidence of around 6%1. Current guidelines, based on a number of 
international research articles 2,3,4, , recommend  that a cranial computed 
tomography (CT) be performed, on all HIV positive patients presenting with 
new onset seizures, before a lumbar puncture (LP) is performed. The cranial 
CT, in addition to being a diagnostic tool, is used to advise if an LP can be 
performed safely. The concern about performing LPs in this group is the risk 
of brain herniation secondary to raised intracranial pressure. 
A prospective South African study performed at Chris Hani Baragwanath 
hospital found that 53.3% of HIV positive patients presenting with new-onset 
seizures had a space occupying lesion (SOL)5. A SOL is often 
misunderstood to always cause raised intracranial pressure.  Van Crevel et 
al3 has shown, however, that herniation from LP occurs when a SOL is 
accompanied by brain shift. Brain shift usually declares itself by clinical 
symptoms such as a decreased level of consciousness, headache and 
vomiting, neck stiffness, focal neurology, bradycardia and apnoea3. A focal 
neurological deficit can be defined as, ‘a set of signs or symptoms in which 
causation can be localised to an anatomic site in the central nervous 
system’6. 
The incidence of brain shift in a patient presenting with seizures in an HIV 
positive adult is not known. In first world countries where CT scanners are 
readily available, it is feasible to CT scan all HIV positive individuals 
presenting with seizures soon after presentation. In many South African 
hospitals, however, there are no CT facilities on site and arranging a CT scan 
is time consuming and is often not done after hours. A working diagnosis and 
commencing treatment based on LP results can save time whilst waiting for a 
cranial CT. 
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The LP is essential to diagnose meningitis. Meningitis accounts for 
approximately 21.7% of causes of seizures in HIV positive South African 
adults5. Common causes for meningitis in our local setting are tuberculosis 
and cryptococcus. This could mean that if an LP is performed before a 
cranial CT, one in 5 patients will have a diagnosis before the cranial CT is 
performed. These patients will still need a cranial CT to exclude 
complications of the meningitis or a co-existing SOL, but appropriate 
treatment can be commenced if the LP results indicate a diagnosis. 
2.2  Literature Search Strategy 
The following search engines were used to find relevant articles; pubmed, 
google scholar and science direct. The terms entered were: ‘(lumbar 
puncture OR LP) AND (complications OR contraindications OR raised 
intracranial pressure OR risks OR cerebral herniation OR coning) AND (HIV 
OR seizures) NOT children, NOT babies, NOT adolescents. Other terms: 
‘(CT head OR cranial CT or cranial computed tomography) AND (before) 
AND (LP OR lumbar puncture)’    
2.3  Definition of raised intracranial pressure 
Raised intracranial pressure can be defined in many ways. Roytowski7 
defines raised intracranial pressure, in the acute setting, as pressure within 
the cranial vault ‘greater than 20-25mmHg for more than 5 minutes’7. The 
pressure can be measured using a manometer during lumbar puncture. The 
manometer is connected and read as soon as there is CSF backflow after the 
stylet is removed during lumbar puncture. It is essential that the patient be 
lying in a lateral position for accurate measurements. 
 Van Crevel3 breaks down the definition of raised intracranial pressure to 
comprise a) raised CSF pressure and b) brain shift. Understanding these 
definitions is useful to understand the effect of LP on intracranial contents. 
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The cranial vault comprises three components: brain, cerebral spinal fluid 
(CSF) and blood7. The pressure within the cranial vault is, under normal 
circumstances, in equilibrium. This means that an increase in volume of a 
single component in the cranial vault will cause a decrease in volume of the 
other components with only a small increase in intracranial pressure, but only 
up to a point. This phenomenon is known as the Munro-Kellie doctrine.  As 
intracranial pressure rises over a threshold, brain shifts occur7. Brain shift is 
important because it precludes brain herniation, which can be precipitated by 
lumbar punctures. 
 
On the other hand, a raised CSF pressure without brain shift is occasionally 
an indication for LP. It is ironic that the lumbar puncture was introduced by 
Quincke to relieve the suffering of children with raised intracranial pressure 
from a communicating hydrocephalus8. It is well known that a lumbar 
puncture is thus safe and beneficial in some instances of raised intracranial 
pressure. In the South African setting, lumbar puncture and CSF drainage is 
commonly performed in patients with cryptococcal meningitis in an attempt to 
lower the raised intracranial pressure that accompanies the disease. 
 
Although the above breakdown of the definition of raised intracranial 
pressure assists one to understand why lumbar punctures are sometimes 
contraindicated and sometimes beneficial in patients with raised intracranial 
pressure, Roytowski’s7 definition is more straight forward. He describes brain 
shift and brain ischemia as consequences of raised intracranial pressure and 
it seems that raised CSF pressure is synonymous with raised intracranial 
pressure in his definition. 
 
Another cause for misunderstanding is the association of space occupying 
lesions or brain masses with raised intracranial pressure. A SOL is a cause 
of raised intracranial pressure but does not equate to raised intracranial 
pressure3. Other mechanisms of raised intracranial pressure are;  
a) cerebral oedema (brain tissue) 
b) vascular (congestive) brain swelling 
c) hydrocephalus (CSF)7.  
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There is enough evidence in the literature to show that there is reason to 
exercise caution when performing lumbar punctures when one suspects a 
patient to have a SOL2,3,4. It is important to accept though that not all patients 
with a SOL are unsafe to LP4. 
 
2.4      HIV, Seizures and Space occupying lesions 
 
South Africa has one of the highest prevalence of HIV in the world. The HIV 
virus tends to frequently affect the central nervous system. In a South African 
study, Bhigjee9  estimated that 70% of HIV individuals develop neurological 
complications. A retrospective study in Germany undertaken between 1992 
and 2004 found that approximately 6% of 831 HIV positive individuals had 
seizures or epilepsy1. In comparison, the general population has an epilepsy 
prevalence of between 0.5 and 1%9.There are multiple factors attributing to 
the increased incidence of seizures in the HIV positive population. 
 
In the South African context, opportunistic infections account for a major 
cause of seizures in HIV positive individuals. These manifest as a SOL, a 
meningitis or an encephalomyelitis. Modi5 reported that tuberculosis 
accounted for 64% of all opportunistic infections causing seizures at 
Baragwanath Hospital in Soweto. TB may present as meningitis or a SOL 
with a tuberculoma. The total prevalence of a SOL (53.3%) was more than 
twice that of meningitis (21.7%), confirming the high prevalence of SOL in 
this group of patients5. Other causes of opportunistic infections are 
cryptococcosis, toxoplasmosis, cysticercosis, syphilis and the herpes group 
of viruses.  
 
Less common causes of seizures in the HIV positive population of South 
Africa are central nervous system (CNS) lymphomas, AIDS dementia 
complex and the HIV virus independently, especially during seroconversion9. 
Causes of seizures not directly linked to HIV may also occur such as 
metabolic abnormalities, alcohol abuse, prescribed or recreational drug 




2.5      Lumbar puncture and the Risk of Herniation 
 
The risk of death as a direct result of an LP has been reported as early as 
189611.  Since then multiple studies have been attempted to measure this 
risk. Before the advent of CT scanners, two studies, Lubic and 
Marotta(1954)12 and Korein(1959)13, both reported low incidences of clinical 
deterioration in patients following an LP . Lubic and Marotta concluded that 
out of 401 patients with a confirmed SOL (brain tumours) only one patient 
developed a complication after an LP was performed. This may be because 
slow growing lesions, such as brain tumours, will have a different 
pathophysiology when compared to acute lesions3. Acute lesions will 
generally tolerate less cerebral displacement and hence have a higher 
incidence of cerebral herniation3. Korein looked at a more varied group of 
129 patients with raised CSF pressure and still found a less than 1% 
incidence of death following LP. 
 
In 1969, however, Duffy14, in a case series, described 30 patients with raised 
intracranial pressure who developed clinical deterioration within 12 hours 
after LP. All of these patients had one or more of the following; ‘mental 
changes, progressive headache, focal neurology or papilloedema’. As this 
study was done in the pre-CT era, the author recommended the performance 
of a skull x-ray before LP in patients with suspected raised intracranial 
pressure to look for ‘lateral displacement of a calcified pineal gland or definite 
erosion of the posterior clinoid processes’ which would indicate cerebral 
mass lesions. Almost 50% of the patients in his study with clinical 
deterioration following LP showed the above mentioned skull x-ray 
changes14. 
 
With the advent of CT scanners in the 1970’s clinicians began requesting CT 
scans before performing lumbar punctures on all patients with suspected 
meningitis, in order to rule out space occupying lesions15. A probable reason 
for this may have been the unreliance of ‘papilloedema’ to predict raised 
intracranial pressure16. In 1987 Gower et al16 affirmed the superiority of 
cranial CT over papilloedema to predict safe LPs and outlined the CT 
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findings based on case reports that would contraindicate an LP. They 
concluded that ‘lateral shift of midline structures, loss of the suprachiasmatic 
and basilar cisterns, obliteration of the fourth ventricle, or obliteration of the 
superior cerebellar and quadrigeminal plate cisterns with sparing of the 
ambient cisterns’ are CT findings that should contraindicate an LP16. 
 
The increased use of CT before LP, however, has led to concerns such as, 
significant radiation exposure to patients from CT scans, fatal risk of delayed 
diagnosis and treatment of meningitis and to the wasteful expense on 
unnecessary CT scans. These concerns led Archer2 to undertake a review of 
all articles, relating to CT before LP in acute meningitis, on Medline from 
1965-1991. He found no evidence of any clinical deterioration from an LP in 
patients with ‘uncomplicated’ acute meningitis.  
 
He did however make the recommendation that patients with the following do 
have a CT before LP2: 
a) Unconsciousness  
b) Focal findings  
c) Papilloedema  
d) Other atypical features (immune compromise, sinusitis, otitis media) 
 
Despite Archer’s review in the Canadian Medical Association Journal in 
1993, doctors continued to request CT scans prior to LP. This prompted 
Gopal et al15 to conduct a prospective study published in 1999. His team 
attempted to correlate clinical predictors with patients at risk for LP before 
CT. 111 patients were assessed of which 2.7% had a CT which 
contraindicated an LP. Doctors who assessed this 2.7% (3 patients) correctly 
predicted that an LP would be unsafe for these patients. Gopal concluded 
that doctors’ clinical impression was the ‘strongest positive predictor of CT 
identified lesions contraindicating LP’. Other significant clinical predictors 
confirmed those of Archer’s review. Individual characteristics such as 
‘immunosuppressed’ and ‘preceding seizures’  showed a positive correlation 
with new intracranial lesions but lacked statistical power. The need for a 
larger population study in these groups was recognised14. 
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In the prospective Hasbun(2001)4 study, conducted in the USA between 
1995 and 1999, it was found that 76% of 301 patients with suspected 
meningitis underwent a cranial CT before a lumbar puncture4. Of the 76%, 
only two percent had contraindications to lumbar puncture on CT scan. 
These two percent (4 patients) had clinical signs of raised intracranial 
pressure before cranial CT and 1% (two patients) died secondary to raised 
intracranial pressure despite not having undergone an LP. Furthermore, 12 
% of the patients had a space occupying lesion without a brain shift and they 
all underwent LP safely4.  Still, Hasbun et al concluded that, due to the 
increased prevalence of an abnormality on cranial CT, patients with 
immunocompromise and patients with preceding seizures should have a 
preceding CT to rule out mass effect. This study became an important 
citation in international guidelines. It sought to limit the number of 
unnecessary CT scans performed in the West but here in South Africa where 
the HIV prevalence is so high, the number of CT scans indicated increased. 
 
The significance of clinicians causing death from an LP and the way this fear 
affects medical practice led to a second review published by Van Crevel et al 
in 20023. This time a Medline search was performed for articles related to the 
topic published between 1966 and 2001. The authors discussed reasons for 
the ongoing confusion and lack of clear guidelines for the practice of CT 
before LP. This is in part because of the lack of ‘empirical evidence’ and the 
unlikelihood of a randomised control trial being done on the topic. Van Crevel 
attempted to set out guidelines based on the pathophysiology of raised 
intracranial pressure that is known, but again as stated by the authors, these 
could only be ‘offered in shades of grey’3.   
 
The common practice of requesting CT before LP was similar in the UK 
where a retrospective folder review conducted at the Horton General Hospital 
in 2004, found that 10% of all CT scans were carried out as a prelude to 
LP17. Of these, a third of scans were not mandatory according to the current 
guidelines at the time based on the ‘Oxford textbook of medicine 2004’ and 
the ‘Saunders pocket essentials of clinical medicine’. The data analysis from 
this study led to the recommendation that any patient, with a normal 
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neurological examination and not suspected to have subarachnoid 
haemorrhage may have an immediate LP. This study was small, however (64 
patients), and the immune status as well as seizure history of the patients 
were not described17. 
Beg et al (2007)18 in a prospective study done in India, again attempted to 
identify a group of patients that will require CT before LP in suspected 
meningitis. The study comprised 108 patients of whom 29 patients had an 
abnormal CT. Based on a univariate regression analysis of patients’ baseline 
characteristics, it was found that patients presenting with seizures had a 
significantly higher prevalence of an abnormal CT. It was thus recommended 
that all patients presenting with seizures have a CT before LP18. The number 
of patients who had an actual contraindication for an LP based on their CT 
results was, however, not mentioned. 
It was in 2013 that Glimaker et al19 published the third review article related 
to CT before LP. Relevant data from Medline was retrieved and analysed 
from 1965. Glimaker’s team primarily focused on the risks of cerebral 
herniation from immediate LP versus the risk of delayed treatment from acute 
bacterial meningitis (ABM). In essence they found that the risk of death from 
delayed treatment in cases of ABM was significantly greater than the risk of 
herniation from an LP. This study led to the revised Swedish National 
Guideline for ABM. The most significant change in the guideline was the 
removal of immune compromised state, new onset seizures and decreased 
consciousness from the list of criteria that would contra indicate LP before 
CT. The omission was on the grounds that if the clinician strongly suspected 
an ABM in these patients, then it would be more appropriate to perform an 
immediate LP than to delay diagnosis and treatment of the meningitis. If the 
clinician felt that the diagnosis of a SOL is more probable than the diagnosis 
of meningitis, then it would be safer to perform a CT first. 
New onset seizures and decreased consciousness are common 
presentations of ABM and space occupying lesions and therefore one has to 
consider other clues to the diagnosis. Although HIV is associated with a SOL, 
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if the patient presents with symptoms more suggestive of meningitis with no 
focal signs to suggest a SOL than an immediate LP would be indicated. 
These recommendations were based on hypothetical calculations of the risk 
of death based on the assumption that an LP will induce death in 1% of 
patients with a SOL and on the assumption that a 1 hour treatment delay in 
patients with ABM poses a relative increased mortality of 20%19.  
 
2.6      CT Scanners in South Africa 
 
In September 2013, the SAMJ published an article titled ‘The Kimberley 
hospital rule for urgent CT of the brain in a resource limited environment’20. 
The article expounded the fact that Kimberley Hospital is the only tertiary 
hospital in the Northern Cape and it serves approximately 1.4 million people. 
Furthermore Kimberley hospital has the only CT scanner in the province. 
This equates to 0.86 CT scanners per million population. In comparison, 
there were 29.4 CT scanners per million population in the USA in 200420. 
Clearly, the indications for an urgent CT in developing countries like South 
Africa will need to be different. 
 
Mitchells Plain Hospital (MPH) in the Western Cape opened its doors in July 
2013 and its official opening was in November 2013. The hospital serves a 
population of approximately 440 000 people21. It provides a limited CT 
service and is equipped with a single CT scanner and a single radiologist. An 
after-hours CT service is unavailable. Patients requiring an immediate CT 
scan after hours must therefore be transferred to Groote Schuur hospital. 
 
The estimated number of cranial CT’s done in HIV positive patients due to 
seizures at Mitchells Plain hospital is unknown, as this information is not 
routinely recorded for statistical purposes. What can be estimated by the 
residing radiologist is that, on average 3-4 cranial CT’s are done to diagnose 
the cause of seizures, on a daily basis. Mitchells Plain hospital has a large 
number of HIV positive patients, estimated to be a third of all medical 
admissions (personal communication with Dr. Gavin Van Wyk, Head of 
Medicine at MPH). It is therefore expected that a reasonable number of these 
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CT scans are done in HIV positive patients. The location of this study and 
hence a larger sample size of patients can provide new information about an 
at risk group of patients, regarding their safety of LP before CT. 
 
2.7      Conclusion 
 
Considering the lack of both international and local data that supports a 
blanket rule such as performing cranial CT’s before LPs on all patients with 
HIV and seizures, and the discussed implications thereof, it is hoped that this 
study will make a significant contribution to clinical decision making. Our 
ultimate aim is to assess if the guidelines, that recommend a cranial CT 
before LP on all HIV positive patients presenting with seizures, are applicable 
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Current international guidelines recommend that a cranial computed 
tomography (CT) be performed, on all HIV positive patients presenting with 
new onset seizures, before a lumbar puncture (LP) is performed. In the South 
African setting, however, this delay could be life threatening. This study 
sought to measure the number of cranial CTs that contraindicate an LP and 
to predict which clinical signs and symptoms are likely to pose an increased 
risk from LP. 
 
Methods 
The study was performed at a district level hospital in the Western Cape. 
Data was collected retrospectively from October 2013 to October 2014. 
Associations between categorical variables were analysed using Pearson’s 




100 out of 132 patients were studied. Brain shift contraindicated an LP in 5% 
of patients. Patients with brain shift presented with: decreased level of 
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consciousness, focal signs, head ache and neck stiffness. 25% of patients 
had a space occupying lesion (SOL), defined as a discreet lesion that has a 
measurable volume, or cerebral oedema. Multivariate analysis showed a 
CD4 count < 50 (p=0.033) to be a statistically significant predictor of patients 
with SOL and cerebral oedema. Univariate analysis showed focal signs 
(p=0.0001), neck stiffness (p=0.05), vomiting (p=0.018) and a GCS<15 
(0.002) to be predictors of SOL and cerebral oedema.  
 
Conclusion 
Patients with seizures in the HIV positive population have a high prevalence 
of SOLs and cerebral oedema but the majority of them are safe to LP. 
Doctors can use clinical parameters to determine which patients can undergo 




New onset seizures in HIV positive adults have been reported to have an 
incidence of around 6%1 . Current guidelines, based on a number of 
international research articles 2,3,4,, recommend that a cranial computed 
tomography (CT) be performed, on all HIV positive patients presenting with 
new onset seizures, before a lumbar puncture (LP) is performed. The cranial 
CT, in addition to being a diagnostic tool, is used to advise if an LP can be 
performed safely. The concern about performing an LP in this group is the 
risk of brain herniation secondary to raised intracranial pressure.  
 
Raised intracranial pressure is defined, in the acute setting, as pressure 
within the cranial vault that is greater than 20-25mmHg for greater than five 
minutes (Roytowski)5. Raised intracranial pressure per se has not been 
conclusively linked to the risk of brain herniation from an LP and cannot be 
measured with a CT. An LP is in fact used to sometimes treat raised 
intracranial pressure such as in the case of idiopathic intracranial 




Brain shift, however, has been associated with an increased risk of brain 
herniation from an LP and can be measured by a CT scan. The cranial CT 
can demonstrate hemispheral shift and gross generalised brain swelling, both 
contraindications to LP6. Brain shift occurs when differences in pressure 
between brain compartments, lead to brain compressing against certain 
intracranial structures3. The brain can get literally pushed to the point where it 
can herniate through the foramen magnum or the tentorial notch. Performing 
an LP, when there is brain shift, can further increase downward pressure and 
lead to fatal brain herniation3. Brain shift is usually caused by an expanding 
mass such as space occupying lesions, cerebral oedema and 
hydrocephalus5. 
 
A prospective South African study performed at Chris Hani Baragwanath 
hospital found that 53.3% of HIV positive patients presenting with new-onset 
seizures had a space occupying lesion (SOL)7. Many clinicians are of the 
opinion that a suspected SOL is an absolute contraindication to LP before 
CT.  Van Crevel et al
3 has shown, however, that herniation from LP can only 
occur when a SOL is accompanied by brain shift. Brain shift usually declares 
itself by clinical symptoms such as a decreased level of consciousness, 
headache and vomiting, neck stiffness, focal neurology, bradycardia and 
apnoea3. The incidence of brain shift in a patient presenting with seizures in 
an HIV positive adult is not known. 
 
In first world countries where CT scanners are readily available, it is feasible 
to CT scan all HIV positive individuals presenting with seizures soon after 
presentation. In many South African hospitals, arranging a CT scan is time 
consuming and is often not done after hours. A working diagnosis and 
commencing treatment based on LP results can save time and lives whilst 
waiting for a cranial CT. 
 
The purpose of this study was to assess if current international guidelines 
that recommend a cranial CT before LP on all HIV positive patients 
presenting with seizures, is applicable to the HIV positive population of the 





This was a cross sectional, observational study conducted at Mitchells Plain 
Hospital (MPH) from October 2013 to October 2014. The study population 
comprised HIV positive patients with seizures, presenting for cranial CT. The 
CT request forms filed in the radiology department at MPH were used to 
identify patients to be included in the study. Initially, a broad manual search 
for any patient whose cranial CT was requested for seizures, was 
undertaken. The search was then streamlined to only include HIV positive 
patients and seizures. Where there was doubt regarding the HIV status, 
confirmation was sought via the National Health Laboratory (NHLS) 
database. Patients under the age of 18 and patients, whose seizures were 
acutely trauma related, were excluded from the study. 
  
Data was extracted onto a data collection sheet from patient folders, the 
NHLS database and the radiology database where necessary. Patients’ 
demographic details, CD4 count, risk factors for seizures, seizure history, 
symptoms and signs of brain shift on presentation, CT information, LP 
findings, final diagnoses and prognoses were recorded. Criteria used for CT 
findings that would contraindicate and LP included any midline shift of the 
midline structures, effacement of any of the basal cisterns and obliteration of 
the fourth ventricle. Diagnoses were the most likely diagnosis for the patient, 
recorded in the notes. This was not necessarily based on organism detection 
but also on doctors’ clinical impressions. Focal signs were regarded as 
present if there were any signs or symptoms that could localise pathology to 
an anatomic site in the central nervous system. 
 
The data was then captured onto a spreadsheet in Microsoft Excel and was 
analysed using STATA 13.0 (StataCorp. 2013). Associations between 
categorical variables were analysed using Pearson’s Chi-squared test and 
prevalence ratios (PRs) with 95 per cent confidence intervals. Variables that 
were considered as potential risk factors, such as age, gender, CD4, seizure 
history, type of fit and signs and symptoms of brain shift, were included in the 
model for generalized linear regression analysis to estimate the prevalence 
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ratio (PR). For all analyses, a P-value of less than 0.05 and a 95% 
confidence interval that did not span unity were considered the thresholds of 
statistical significance. 
 
Ethical approval was obtained from the UCT research ethics committee and 
the Western Cape Provincial Health Research Committee granted 
permission to conduct the study. Patients’ identities were protected as their 
names were not recorded.  
3.5 Results 
 
A total of 132 CT request forms, in the period October 2013-October 2014, 
identified suitable patients to be included in the study. This suggests a 
minimum of 11 cranial CT’s performed monthly, at MPH, in HIV positive 
patients, presenting with seizures. The first 100 patients whose folders were 
accessed were studied.  
 
 




Age: Median 38 years 
         Average 39 years 
         IQR 32-45 years 
   
 n 
CD4 Count: <50 20 
                    50-200 23 
                    200-350 24 
                    >350 32 
                   Unknown 1 
  
Risk Factors for Seizures: Systemic illness 38 
                                          Alcohol/Substance use 21 
                                          History of head injury 13 
                                          Abnormal chemistry 8 
  
Seizure History: New onset seizure 81 
                           Known epileptic 19 
Type of Seizure: Generalised 74 
                            Focal 16 
                            Undocumented 10 
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Visual disturbances 1 
GCS<15 38 
Focal signs 11 
Neck stiffness 10 
Papilloedema None 
documented 
IQR= interquartile range, n = portion of total sample (N=100) 
GCS= Glascow Coma Scale 
Baseline characteristics of patients are presented in table 1. Patients’ ages 
ranged from 21-73, with the median age being 38.  20 percent of patients had 
advanced immunosuppression with a CD4 count of less than 50. Patients 
who presented with seizures usually had some form of systemic illness such 
as TB or Gastroenteritis –with- renal- impairment, which also placed them at 
risk for metabolic abnormalities, and hence seizures. New onset, generalised 
seizures were commonest. There were 42 percent of patients who were 
asymptomatic at the time of presentation. Headache and a decreased level 
of consciousness were the most frequent clinical presentations. The 
presence or absence of papilloedema was recorded in 1 of 100 folders. The 




Table 2. Description of patients with brain shift 
 
 
Brain shift was seen on CT scan in 5 percent of the patients. Details of these 
patients are given in table 2. All of these patients had one or more signs and 
symptoms of raised intracranial pressure/brain shift on presentation. One 
patient with suspected meningitis had an LP before the cranial CT, which 
showed brain shift. No adverse effects were reported from the LP.  
 
Results of cranial CTs are described in figure 1. More than half of the 
patients had an abnormal cranial CT. Many of these abnormalities were old 
and untreatable. The patients with active SOLs, together with the patients 
with cerebral oedema (generalised and localised) were at risk for developing 
brain shift. This comprised 25 percent of the study population. Calcified 
granulomas were categorised into inactive SOL as they have no potential for 
growth and expansion. In our setting a calcified granuloma is attributed to old 
TB but it has a number of different causes.  Nearly a quarter (24 percent) of 
patients had brain abnormalities that may have explained patients’ seizures, 
 CD4 
count 
Gender Type of 
seizure 












































































but were incurable such as old infarcts, calcified granulomas and focal 
encephalomalacia. 
 
Figure 1. Description of CT scans 
 
 
Generalised linear regression was used to predict patients with SOL/cerebral 
oedema (table 3). Associations were initially found in the following 
categories; age, CD4 count, asymptomatic, focal signs, neck stiffness, 
vomiting and decreased level of consciousness. However, after multivariate 
analysis only a CD4 count less than 50, was associated with an increased 
risk for SOL/cerebral oedema. All other variables such as age, gender, 
history of seizure, type of seizure (whether localised or generalised) had no 
predictive value of at risk patients. The group of patients with brain shift was 
too small to show any significant clinical predictors and they were thus 
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Table 3. Univariate and multivariate analyses of potential predictors of 
patients with active SOL and cerebral oedema 
 
Potential predictors 
of at risk patients 











PR 95% CI 
P-
value  
PR 95% CI P-value 
Age:  <40      58  32.8 2.3 1.0 – 5.2 0.0352  1.8 0.7 – 4.5 0.236 
CD4  >350      32  3.1 1    1   
         200-350      24  25.0 2.3 1.4 – 3.8 0.0143  8.3 1.0 – 71.0 0.053 
         50-199      23  34.8 2.7 1.7 – 4.4 0.0017  7.5 0.9 – 62.0 0.063 
         <50      20  50.0 3.7 2.1 – 6.6 0.0001  10.1 1.2 – 85.4 0.033 
  




       
Asymptomatic      44  6.8 0.2 0.1 – 0.5 0.0002  0.3 0.1 – 1.3 0.118 
Focal Signs                                                                                                                         11 72.7 3.8 2.2 – 6.7 0.0001  2.0 0.8 – 5.1 0.154 
Neck stiffness      10  50.0 2.3 1.1 – 4.7 0.0543  1.0 0.4 – 2.8 0.995 
Vomiting       4  75.0 3.3 1.7 – 6.4 0.0184  1.5 0.4 – 6.2 0.586 
GCS<15     38  42.1 2.9 1.4 – 5.9 0.0020  1.0 0.4 – 2.7 0.984 
PR= Prevalence ratio, CI= Confidence Interval, GCS= Glascow Coma Scale 
 
Lumbar punctures were performed in 68 percent of patients presenting with 
seizures. Despite international guidelines, 52 percent of these patients had 
an LP before cranial CT, with no adverse effects reported. A markedly 
abnormal CSF result was found in 24 percent of patients who underwent LP, 
of which 75 percent was diagnosed with infective meningitis (figure2). 
Meningitis comprised more than half of the total study mortality (5 out of 9 
deaths). Other causes of death were from renal failure (2 out of 9 deaths) 













The portion of patients who did not have a clear diagnosis on discharge 
comprised 23 percent (n=23), 13 of whom had an LP and 10 of whom did not 
have an LP.16 percent of patients had seizures attributed to drugs, alcohol, a 
previous head injury, a metabolic cause or breakthrough seizures (in the 




Uptodate8, the international evidence-based clinical decision support 
resource, has advised that patients with a suspected meningitis be scanned 
first if they have any of the following: decreased level of consciousness, focal 
signs, papilloedema, preceding seizures and impaired cellular immunity. This 
recommendation was based on the study by Hasbun et al (2001)4. By strict 
international standards all patients in this study ought to have had a CT 
before LP. Our study sought to measure the risk of LP in patients with 
preceding seizures and impaired cellular immunity by measuring the number 
of CT scans that reported brain shift and hence contraindicated an LP. It is 
the first study done to look at the prevalence of brain shift and patients at risk 
























attempt was also made to predict if clinical factors in this group could be used 
to decide which patients needed a preceding cranial CT.  
Despite the expected increased prevalence of an active SOL (12%) and 
cerebral oedema (13%) in the population studied, the actual number of 
patients who had a contraindication to LP on CT scan was small (5%). This 
prevented us from drawing any significant statistical conclusion from the 
descriptive results in diagram 1. We were however able to show statistically 
significant associations, on univariate analysis, between clinical predictors 
and patients with an active SOL or cerebral oedema. Active SOLs and 
cerebral oedema are disease processes that could lead to brain shift. It can 
thus be safely assumed that patients with no clinical predictors of SOL and 
cerebral oedema will have a reduced probability of brain shift.  
The study confirmed recommendations that a decreased level of 
consciousness and focal signs are significant predictors of patients at risk for 
brain shift. It also found that in HIV positive patients with preceding seizures, 
vomiting and neck stiffness may also be predictors of SOL/cerebral oedema. 
Of significance is the finding on multivariate analysis that shows that a CD4 
count of less than 50 is associated with increased risk for SOL/cerebral 
oedema. A CD4 count of less than 50 is a specific predictor and should be 
given more weight in clinical decision making. Two asymptomatic patients, 
with a CD4 less than 50, underwent an LP and subsequently had an active 
SOL on cranial CT. It must be stressed, however, that none of the 
asymptomatic patients were unsafe to LP. 
Papilloedema has been described as a contraindication to LP. The patients in 
our study were almost entirely not examined for papilloedema. This may be 
due to the fact that it is often difficult to perform an ophthalmoscopy in a 
bright and busy emergency room, especially when doctors’ experience with 
ophthalmology is limited. Papilloedema, however, is a late finding of raised 
intracranial pressure, and guidelines from Queens University recommend 
performing an LP even when the optic discs cannot be visualised9, if there 
are no other contraindications to performing an LP. 
38 
Extensive research was performed by the Swedish Infectious Disease 
Society regarding the comparative risk between immediate LP before CT and 
the risk of delayed LP (and inevitably delayed treatment) in adults with 
suspected acute bacterial meningitis. Hypothetical calculations of these risks, 
in different clinical settings with varying probabilities of cerebral mass lesions 
and acute bacterial meningitis (ABM), were presented. The authors worked 
on the premise that although there is little evidence of an association 
between LP and brain herniation in acute bacterial meningitis; there is 
sufficient evidence of an association between LP and brain herniation in 
patients with cerebral mass lesions. The risk of brain herniation, associated 
with lumbar punctures, in patients with cerebral mass lesions, however is 
small and was assumed to be between 1-2%. It was concluded that where a 
patient had no clinical signs to indicate a SOL, an immediate LP will be 
advantageous. This would apply even where the probability of ABM is more 
than 0.5%. This research has led to the revised Swedish recommendation for 
early lumbar puncture in 2009, which removed impaired immunity and new 
onset seizures as indications for a preceding cranial CT10.  
Interestingly, Martin Glimaker and his team recently investigated the outcome 
of the 2009 recommendations. A total of 318 patients seen between 2010 
and 2012 (after the revised Swedish guidelines) were compared to 394 
patients seen between 2004 and 2009. They found that 57% of patients with 
suspected meningitis had a CT before LP between 2010 and 2012. The 
patients who had an immediate LP showed a lower incidence of mortality and 
sequaelae compared to those who had a CT before LP. The two groups were 
similar with regard to age and level of consciousness. They concluded that 
the 2009 recommendations, that removed decreased level of consciousness 
as an indication for CT before LP, is associated with improved outcome and 
that ‘revision of international guidelines should be considered’11. 
An American study by O’Laughlin et al (2013)12 examined 1737 CT reports in 
various patients with both medical and trauma related presentations, to 
assess the prevalence of CT scans that contraindicate LPs. It was found that 
14.6% had one or more high risk findings that would contraindicate LP, 
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compared to our study where 5% of CT scans contraindicated an LP. The 
study also found no clinical correlation between clinical presentation and CT 
findings. It did, however, draw the conclusion that since brain herniation 
precipitates death, radiologists are becoming increasingly cautious when 
reporting on CT scans. This assumption is made because actual brain 
herniation from LP is very rare. There have been reports from casualty staff 
at MPH of patients undergoing an LP before CT which later reported that an 
LP is contraindicated. These patients, like the one reported in this study, had 
no adverse event after the preceding LP.  
Cranial CT provided a diagnosis for seizures in more than 50% of our 
patients and it should remain an important diagnostic tool in our population. 
What is questionable is the need to provide our patients with urgent cranial 
CT’s in order to rule out brain shifts before lumbar punctures. There are 
substantial financial and clinical implications that arise from this 
recommendation. The Hasbun study (2001)4 reported a 2 hour time delay to 
lumbar puncture and longer emergency department stays when patients 
underwent cranial CT before LP. In our setting the time delays would be 
much longer especially after hours when there is no CT service on site. The 
shortage of CT scanners and a lack of funding for staff  has led to studies 
such as, ‘The Kimberley hospital rule for urgent CT of the brain in a resource 
limited environment’13 and ‘Appropriateness of computed tomography and 
magnetic resonance imaging scans in the Eden and Central Karoo districts of 
the Western Cape Province, South Africa’14. These studies like ours highlight 
the need to implement local, cost effective CT guidelines. 
Apart from the financial implications of arranging urgent CT scans, there is 
the clinical consideration. The highest number of deaths in our study was 
from CCM (3 out of 9 deaths), followed by TBM (2 out of 9 deaths). The high 
case fatality rate in CCM, predicted by the WHO to be between 35-65% in 
Sub-Saharan Africa prompted the recommendation that patients with a CD4 
less than 100 have early screening for the disease15. Lumbar puncture and 
CSF analysis remain the key diagnostic test for CCM but if an LP needs to be 
delayed then an urgent serum cryptococcal latex antigen test (CLAT) must 
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be performed on all patients suspected of CCM16. Patients with cryptococcal 
meningitis often present with a severe headache and an isolated sixth nerve 
palsy. The presentation of the sixth nerve palsy will not be a contraindication 
to lumbar puncture according to the guideline in  ‘The South African Journal 
of Epidemiology and Infections (SAJEI)’6. Here it states that isolated cranial 
nerve palsies are excluded from the focal signs which generally 
contraindicate an LP. 
 
Current guidelines recommend blood culture analysis and IV antibiotics in 
cases of suspected meningitis where an LP is contraindicated6. The 
administration of IV antibiotics is intended to ensure that patients with 
bacterial meningitis are not deprived of emergency lifesaving treatment whilst 
waiting for lumbar puncture results. The prevalence of bacterial meningitis in 
our study was low in comparison to TBM and CCM. This is not unusual, as 
the causes of meningitis in a population with a high prevalence of TB and 
HIV, similar to our own, has already been described. The LP results of 4549 
patients were studied between 2006 and 2008 at GF Jooste hospital in the 
Western Cape and CCM followed by TBM were the most common causes of 
meningitis in this setting17. Delayed lumbar puncture will delay treatment in 




The most significant limitation of this study was the sampling strategy. 
Ideally, to measure the number of people who suffered immediate death after 
LP, it would have been necessary to identify all patients who had an LP. By 
identifying patients from their CT request forms, the study overlooked a 
possible group of patients who may have suffered immediate cerebral 
herniation post LP and never survived to have had a CT. Consultation with 
the Head of Casualty however revealed, that no patient to his knowledge, 
experienced cerebral herniation from an LP at MPH ( personal 
communication Dr. Kamil Vallabh). Furthermore, at least 50% of our patients 
did have an LP before CT and had no reported complications.  
 
41 
The study design was adequate to report on the number of CT scans where 
an LP was contraindicated. The small study sample and the small 
percentage of patients with brain shift, prevented us from predicting any 
statistically relevant factors for brain shift. Enough information was available 
to describe these patients and it is not unreasonable to conclude that any 
decreased level in consciousness or focal signs should contraindicate an LP 
before CT in patients with HIV and seizures. 
Another limitation is that our research conclusions are based on doctors’ 
clinical impressions and not necessarily measurable information. Neck 
stiffness, for example is a subjective clinical finding and should not be used in 
isolation to decide on management steps. Similarly, patient diagnoses were 
not based on hard facts, due to the low detection of organisms on CSF 
microscopy and culture as well as the absence of histology on SOLs. In such 
cases doctors used their clinical judgement as well as evidence of disease 
elsewhere to make a diagnosis and start treatment. Cryptococcal meningitis 
and toxoplasmosis were however definitive diagnoses, based on positive 
india ink staining or cryptococcal antigen testing and positive toxoplasmosis 
serology respectively. 
This was a retrospective folder review and all CT scans were reported by the 
same radiologist. It would have been more reliable if the scans were seen by 
two radiologists, as this would have reduced any interpretation bias. 
3.8 Conclusion 
Patients with seizures in the HIV positive population have a high prevalence 
of SOLs and cerebral oedema but the majority of them are safe to LP. 
Indicators such as a decreased level of consciousness, focal signs, vomiting, 
neck stiffness and a CD4 count of less than 50 should alert doctors to the 
possibility of at risk patients. All of the asymptomatic patients were safe to LP 
but should still undergo non urgent cranial CT due to the limited occurrence 
of SOL and cerebral oedema in this group (6.8%). Cryptococcal meningitis 
accounted for the highest mortality and doctors need to be more vigilant in 
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performing serum CLATs if the LP is delayed, following up on results 
promptly to make earlier diagnoses and starting treatment sooner. There 
were no adverse events reported after any of the LPs performed on the 
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4.1 Ethics approval letter 
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4.2 Data collection sheet 
 
             Folder number     
  
       CD4 Count  
     
       
Demographic Characteristics 
      
       1. SEX  M f  
   2. AGE       
   3. AREA OF RESIDENCE        
  
       
Risk Factors for Seizures 
      1.alcohol/ drugs  
     2.history head injury   
     3.abnormal chemistry   
     4.family history of epilepsy   
     5.systemic illness   
     6. none known   
     7.none documented   
     8.other   
     
       
Seizure History     
 
    
1. history of seizure first onset seizures     
known 
epileptic 
2. witnessed: medical staff   
                          : non medical staff   
     3. type of fit: generalised   
                          : focal     
                          : unrecorded   
     
 
  
     
       
Symptoms on presentation suggestive of raised intracranial pressure 
 1.headache   
     2.vomiting   
     3.visual disturbances   
     4.decreased level of consciousness   
 
GCS:  
  5.focal signs   
  
  
  6.papilloedema   
     7.meningism   
     8.other   
     




      1. Space occupying lesion: yes  
                                                 : no     
     
       2. Brain Shift present : yes  
                                          : no   
     
       3. Was patient booked via Casualty opd Ward 
   
       
4. Other CT findings Atrophy 
basal 
enhancement   haemorrhage   
             
 
LP Findings 
   
 
  1. Was LP done: Yes  normal 
                            : no   reason 
 
     
       2. Was LP done : before CT scan  
                                : after CT scan    
    
       3. Were there adverse events recorded due  
           to LP    :yes  describe     
                 : no   
     
       
Final Diagnosis 
      1.TB Meningitis  
     2.Tuberculoma   
     3.Toxoplasmosis   
     4.Cysticercosis   
     5.Lymphoma   
     6.Cryptocococus   
     7.Syphylis   
     8.Drug/Alcohol   
     9. Inherited   
     10.Previous head injury   
     11.Metabolic causes   
     10. Other   
 
Specify    
       
Prognosis 
      1. recovery and discharge  
     2. Death within 12 hours of LP   
     3. Death after 12 hours of LP or no LP   
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4.3 List of Tables: 
4.3.1 Table 1. Baseline characteristics of patients 
 
Age: Median 38 years 
         Average 39 years 
         IQR 32-45 years 
  
 n 
CD4 Count: <50 20 
                    50-200 23 
                    200-350 24 
                    >350 32 
                   Unknown 1 
  
Risk Factors for Seizures: Systemic illness 38 
                                          Alcohol/Substance                           21 
                                          History of head injury 13 
                                          Abnormal chemistry 8 
  
Seizure History: New onset seizure 81 
                           Known epileptic 19 
Type of Seizure: Generalised 74 
                            Focal 16 
                            Undocumented 10 
  
Clinical signs and symptoms suggestive of brain shift:  
Headache 21 
Vomiting 4 
Visual disturbances 1 
GCS<15 38 
Focal signs 11 
Neck stiffness 10 
Papilloedema None documented 

























Gender Type of 
seizure 


























































































4.3.3 Table 3. Potential predictors of patients with 
                               active SOL and cerebral oedema 
 
Potential 
predictors of at 
risk patients 







active SOL or 
cerebral 
oedema 
PR 95% CI P-value 
 
PR 95% CI P-value 
Age:  <40      58  32.8 2.3 1.0 – 5.2 0.0352  1.8 0.7 – 4.5 0.236 
CD4  >350      32  3.1 1    1   
         200-350      24  25.0 2.3 1.4 – 3.8 0.0143  8.3 1.0 – 71.0 0.053 
         50-199      23  34.8 2.7 1.7 – 4.4 0.0017  7.5 0.9 – 62.0 0.063 
         <50      20  
50.0 
3.7 2.1 – 6.6 0.0001  
10.
1 
1.2 – 85.4 0.033 
  




       
Asymptomatic      44  6.8 0.2 0.1 – 0.5 0.0002  0.3 0.1 – 1.3 0.118 
Focal Signs                                                                                                                         11 72.7 3.8 2.2 – 6.7 0.0001  2.0 0.8 – 5.1 0.154 
Neck stiffness      10  50.0 2.3 1.1 – 4.7 0.0543  1.0 0.4 – 2.8 0.995 
Vomiting       4  75.0 3.3 1.7 – 6.4 0.0184  1.5 0.4 – 6.2 0.586 
GCS<15     38  42.1 2.9 1.4 – 5.9 0.0020  1.0 0.4 – 2.7 0.984 

















4.4 List of Figures: 
 




SOL= Space Occupying Lesion 
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4.5 Journal submission guidelines 
Instructions to authors for Publication-ready format, taken from: 
1. South African Journal of HIV Medicine, Submissions, Author Guidelines.
Available from http://www.sajhivmed.org.za/index.php/hivmed/pages/view/authors 
(Accessed November 2014) 
2. International Committee of Medical Journal Editors. Uniform Requirements for
Manuscripts Submitted to Biomedical Journals: Manuscript Preparation and 
Submission: Preparing a Manuscript for Submission to a Biomedical Journal. 
Available from: http://www.icmje.org/manuscript_1prepare.html 
